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MEDIA STREAM SPLICER

TECHNICAL FIELD

[0001] This invention generally relates to network communications

technology.

BACKGROUND

[0002] Traditionally, typical network computing environments include

point-to-point communication between two computing devices. However, some

communications technologies employ multi-point communications, where groups

of computing devices simultaneously receive a common transmission.

Unicast and Multicast

[0003] There are at least two common approaches to simultaneously

transmitting the same content to multiple computing devices over a network

computing environment: unicast or multicast.

[0004] Unicast may be understood to be a communication that takes place

over a network between a single sender and a single receiver. With unicast, a

computing device generates and sends one set of data packets (each has common

content) to each receiving computer. As the receiving group increases in size,

unicast becomes increasingly less efficient because it is simultaneously

transmitting copies of the same data packets to an increasing number of computing

devices. In direct and geometric proportions, unicast requires increasingly more
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bandwidth as the receiving group increases. That is because the same information

is carried multiple times—even on shared links.

[0005] Multicast may be understood to be a communication that transmits a

single message to a select group of multiple recipients. In contrast to broadcasting,

multicasting typically refers to sending a single message to a select group on a

network rather than to everyone connected to the network.

[0006] With multicast, a computing device generates only one copy and

sends it to the select group that chooses to receive it. This technique addresses

packets to a group of receivers rather than to a single receiver. It typically depends

on the network infrastructure to forward the packets to only the sub-networks and

the receivers that need to receive them.

[0007] A common implementation of multicasting is Internet Protocol (IP)

Multicast. It is a bandwidth-conserving technology that reduces traffic by

simultaneously delivering a single stream (e.g., a media stream) of information to

thousands of recipients. Typical applications that take advantage of multicast

include videoconferencing, corporate communications, distance learning, and

distribution of software, stock quotes, and news.

Media Streams

[0008] With the advent of digital media streaming technology (such as those

using IP multicast), users are able to see and hear digital media, more or less, as

the data is being received from a media server.
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[0009] Herein, a "media stream" is a multimedia object (containing audio

and/or visual content, such as a video) that is compressed and encoded in

accordance with mechanisms generally available now or in the future for doing so.

Furthermore, such a media stream is intended to be decoded and rendered in

accordance with generally available mechanisms for doing so.

[0010] Without a loss of generality, the same techniques can be applied to

any media stream that has a similar structure which reduces temporal, spatial, or

perceptual redundancies. For example, many audio compression formats such as

AC3 have keyframes followed by modification data to regenerate an

approximation of the original uncompressed stream.

Multimedia Distribution Format Standards

[0011] Due to the amount of data required to accurately represent such

multimedia content, it is typically delivered to the computing device in an

encoded, compressed form. To reproduce the original content for presentation, the

multimedia content is typically decompressed and decoded before it is presented.

[0012] A number of multimedia standards have been developed that define

the format and meaning of encoded multimedia content for purposes of

distribution. Organizations such as the Moving Picture Experts Group (MPEG)

under the auspices of the International Standards Organization (ISO) and

International Electrotechnical Commission (IEC), and the Video Coding Experts

Group (VCEG) under the auspices of the International Telecommunications Union
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(ITU) have developed a number of multimedia coding standards (e.g., MPEG-1,

MPEG-2, MPEG-4, H.261, H.263, and the like).

[00131 There are many different standardized video-stream data formats.

For example: MPEG, H.263, MPEG-1, MPEG-2, MPEG-4 Visual, H.264/AVC,

and DV formats. Likewise, there are many different standardized audio-stream

data formats. For example: MPEG audio, AC3 audio, DTS audio, or MLP audio.

MPEG-2 / H.262

[0014] The predominant digital video compression and transmission

formats are from a family called block-based motion-compensated hybrid video

coders, as typified by the ISO/IEC MPEG-x (Moving Picture Experts Group) and

ITU-T VCEG H.26x (Video Coding Experts Group) standards. This family of

standards is used for coding audio-visual information (e.g., movies, video, music,

and such) in a digital compressed format.

[0015] For the convenience of explanation, the MPEG-2 video stream (also

known as an H.262 video stream) is generally discussed and described herein, as it

has a structure that is typical of conventional video coding approaches. However,

those who are skilled in the art understand and appreciate that other such digital

media compression and transmission formats exist and may be used.

[0016] An example representation of a MPEG-2 format is shown in Fig. 1.

Each video sequence is composed of a sequence of frames that is typically called

Groups of Pictures (or "GOP"), such as GOP 105. A GOP is composed of a
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sequence of pictures or frames. The GOP data is compressed as a sequence of I-,

P- and B-frames where:

• An I -frame (i.e., intra-frame) is an independent starting image -

(compressed in a similar format to a JPEG image). An I -frame or "key

frame" (such as I-frame HOt) is encoded as a single image, with no

reference to any past or future frames. It is sometimes called a random

access point (RAP).

• A P-frame (i.e., forward predicted frame) is computed by moving around

rectangles (called macroblocks) from the previous I- or P-frame then (if

so indicated by the encoder) applying a 'correction' called a residual.

Subsequent P-frames (such as P-frame 120t) are encoded relative to the

past reference frame (such as a previous I- or P-frame).

• Zero or more B-frames (i.e., bi-directional predicted frames, such as

frames 130 and 132) are formed by a combination of rectangles from the

adjacent I- or P-frames, followed (if so indicated by the encoder) by a

correction residual.

[0017] The GOP structure is intended to assist random access into the

stream. A GOP is typically an independently decodable unit that may be of any

size as long as it begins with an I -frame.
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Transmission and Presentation Timelines

[0018] Fig. 1 illustrates two manifestations of the same MPEG-2 video

stream. The first is the transmission timeline lOOt and the other is the presentation

timeline lOOp. This is an example of transmission and presentation timelines of a

typical media stream and their relationship to each other.

[0019] The transmission timeline lOOt illustrates a media stream from the

perspective of its transmission by a media-stream encoder and transmitter.

Alternatively, it may be viewed from the perspective of the receiver of the

transmission of the media stream.

[0020] As shown in Fig. 1, the I-frame (e.g., HOt) is typically temporally

longer than the other frames in the transmission timeline. Since it doesn't utilize

data from any other frame, it contains all of the data necessary to produce one

complete image for presentation. Consequently, an I-frame includes more data

than any of the other frames. Since the I-frame has more data than others, it

follows that it typically requires greater time for transmission (and, of course,

reception) than the other frame types.

[0021] Fig. 1 also shows P-frames (such as 120t) and B-frames (such as

130t and 132t) of the transmission timeline lOOt Relative to the B-frames, the

P-frames are temporally longer in the transmission timeline because they

typically include more data than the B-frames. However, P-frames are

temporally shorter than I-frames because they include less data than I-frames.

Since the B-frames rely on data from at least two other frames, they typically do
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not need as much data of their own to decode their image as do P-frames (which

rely on one other frame).

[0022] Fig. 1 also illustrates the presentation timeline lOOp of the media

stream from the perspective of its presentation by the media decoder and presenter.

In contrast to their transmission duration, the presentation duration of each

frame—regardless of type—is exactly the same. In other words, it displays at a

fixed frequency.

[0023] The incoming frames of the media stream are decoded, buffered, and

then presented at a fixed frequency (e.g., 24 frames per second (fps)) to produce a

relatively smooth motion picture presentation to the user. In MPEG 2 used to

convey NTSC video, the field rate is fixed, and each MPEG 2 picture may produce

1, 2, or 3 fields. Field pictures are required to produce 1 field, and frame pictures

may produce 2 or 3 fields. Thus, the frame picture presentation rate may not be

fixed, but it is not dictated by the transmission rate of the frame pictures.

[0024] Fig. 1 also illustrates a typical decoded GOP 105 of MPEG in its

presentation timeline. This GOP example includes an I -frame 11 Op; six P-

frames (e.g., 120p); and 14 B-frames (e.g., 130p and 132p). Typically, each GOP

includes a series of consecutively presented decoded frames that begin with an I-

frame (such as frame 1 lOp).

GOP Presentation Delay

[0025] Fig. 1 shows that the I-frame HOt of an example GOP is first

received beginning at point Ti in time; however, it is not first presented until point
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T2 . The time gap between the two points is called herein the "GOP presentation

delay" and is labeled 170 in Fig. 1. It represents the delay from when the receiver

first begins receiving the first frame of a GOP (which is typically the I-frame)

until the device first presents the first frame of the GOP.

Media-Stream Presentation Start-up Delay

[0026] To tune channels in a media-streaming environment (such as in a

multicast environment), a receiver requests a target channel. It receives the target

media stream and then waits for an access point into the stream. A channel change

cannot occur until an access point is received. From the perspective of the user,

this can lead to lengthy channel change times.

[0027] Fig. 2 illustrates an example of a media-stream presentation start-up

delay at 280. The start-up delay is the effective delay experienced by a user. It

includes a delay between when a particular media stream is requested and when

the first frame of a GOP from the particular media stream is actually presented. As

shown in Fig. 2, the start-up delay 280 includes the GOP presentation delay 270

(discussed above).

[0028] Referring to Fig. 2, this example is explained. A GOP, starting with

I -frame 210t, is being transmitted. This is shown in the transmission timeline

200t. The receiver seeks to tune into this media stream at request point R. This

selection is illustrated as a user selecting a media-stream channel using a remote

control 260.
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[0029] Again, this is an example illustration for explanatory purpose. This

point R could be at any moment in time after the beginning (i.e., after the

beginning of its I -frame 210t) of a GOP.

[0030] The receiver must wait for a random access point (or RAP) in order

to access the media stream. In this example, each GOP has one RAP. An I -frame

is an example of a typical RAP. Therefore, each GOP has one I -frame. So, the

receiver must wait for the next I -frame (at the beginning of the next GOP) before

it can access the media-stream transmission as shown by transmission timeline

200t.

[0031] Once the receiver has an I -frame in its buffer, it may refer back to it

for dependency decoding of P- and B-frames. Consequently, a conventional

system must wait for a RAP before it can start buffering frames (that are useful).

[0032] In Fig. 2, the receiver starts buffering the next GOP at point Mj with

I-frame 250t. Thus, the first frame that may be eventually presented to the user is

I-frame 250t, because it is the first RAP in the stream after the point at which the

receiver joined the stream. Because of the GOP presentation delay (discussed

above), it actually starts presenting the GOP (with I-frame 250p of presentation

timeline 200p) at point M2—which is also the presentation start-up point S of the

start-up delay 280.

[0033] As demonstrated by the screens 262-266, the start-up delay is the

effective delay experienced by a user. The user selects a media-stream channel at

request point R (using, for example, a remote 260) and sees a blank screen, as

shown by screen 262. Of course, there may be information presented here (such
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as electronic programming information), but, since it is not yet the desired media-

stream content, it is effectively blank.

[0034] Screen 264 shows that screen remains blank even after the next GOP

is currently being received. Screen 266 shows that the first image of frame 250p is

finally presented to the user.

[0035] The average length of this start-up delay is directly affected by the

average GOP length. Some media-stream providers employ relatively long average

GOP lengths. In those instances, this delay is even more acute because, when

changing channels, the user is waiting longer for the next GOP to come around.

[0036] It short, this start-up delay is very annoying to, and provokes

impatience in, the typical users.

SUMMARY

[0037] An implementation is described herein, which facilitates a fast

channel change by receiving and decoding a unicast acquisition media stream that

corresponds to a soon-to-be-requested target multicast media stream. It does this

before requesting the target multicast media stream of the new channel. Once the

transmission of the unicast stream is caught up with the multicast stream, this

implementation splices from the unicast acquisition stream to the target multicast

media stream.

[0038] This summary itself is not intended to limit the scope of this patent.

Moreover, the title of this patent is not intended to limit the scope of this patent.
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For a better understanding of the present invention, please see the following

detailed description and appending claims, taken in conjunction with the

accompanying drawings. The scope of the present invention is pointed out in the

appending claims.

BRIEF DESCRIPTION OFTHE DRAWINGS

[0039] The same numbers are used throughout the drawings to reference

like elements and features.

[0040] Fig. 1 is a diagram illustrating a typical media stream transmission

timeline and its corresponding presentation timeline.

[0041] Fig. 2 is a diagram illustrating the presentation start-up delay using a

typical video stream transmission timeline and its corresponding presentation

timeline.

[0042] Fig. 3 is a diagram illustrating the new presentation start-up delay in

accordance with an implementation, described herein, that employs a unicast

media stream corresponding to a target multicast media stream.

[0043] Fig. 4 is a diagram illustrating the new presentation start-up delay in

accordance with another implementation, described herein, that employs a lower-

bit-rate unicast media stream corresponding to a target multicast media stream.

[0044] Fig. 5 is a diagram illustrating the new presentation start-up delay in

accordance with another implementation, described herein, that employs two
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unicast media streams (one of them being lower bit-rate) corresponding to a target

multicast media stream.

[0045] Fig. 6 is a flow diagram showing a methodological implementation

described herein.

[0046] Fig. 7 is a flow diagram showing a methodological implementation

described herein.

[0047] Fig. 8 illustrates an exemplary environment in which an

implementation described herein may be employed.

[0048] Fig. 9 illustrates an example presentation device, a television, and

various input devices that interact with the presentation device.

[0049] Fig. 10 is a block diagram that illustrates components of the example

presentation device(s) shown in Figs. 8 and 9.

[0050] Fig. 11 is an example of a computing operating environment capable

of (wholly or partially) implementing at least one embodiment described herein.

DETAILED DESCRIPTION

[0051] In the following description, for purposes of explanation, specific

numbers, materials and configurations are set forth in order to provide a thorough

understanding of the present invention. However, it will be apparent to one skilled

in the art that the present invention may be practiced without the specific

exemplary details. In other instances, well-known features are omitted or
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simplified to clarify the description of the exemplary implementations of the

present invention and, thereby, to better explain the present invention.

Furthermore, for ease of understanding, certain method steps are delineated as

separate steps; however, these separately delineated steps should not be construed

as necessarily order dependent in their performance.

[0052] The following description sets forth one or more exemplary

implementations of a Media Stream Splicer that incorporate elements recited in the

appended claims. These implementations are described with specificity in order to

meet statutory written description, enabling, and best-mode requirements.

However, the description itself is not intended to limit the scope of this patent.

[0053] These exemplary implementations, described herein, are examples.

These exemplary implementations do not limit the scope of the claimed present

invention; rather, the present invention might also be embodied and implemented

in other ways, in conjunction with other present or future technologies.

[0054] An example of an embodiment of a Media Stream Splicer may be

referred to as an "exemplary stream splicer."

[0055] While much of the discussion of the exemplary stream splicer is

framed within terms of the MPEG family of digital media compression and

transmission formats, those of ordinary skill in the art will understand how the

concepts discussed herein with relationship to MPEG apply to other formats, such

as H.264.
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[0056] Herein, presenting includes communicating the media content to a

display and/or audio device. It may also include storing media content into a

memory, transferring such content to another device or component, and/or

transmitting the content of signal transmission media.

Introduction

[0057] The one or more exemplary implementations of the invention,

described herein, may be implemented (in whole or in part) by components like

those shown in Figs. 8-11.

Typical Multicast Network Communication Architecture

[0058] Using multicast network communication, a computing device (e.g., a

video data server) may send one copy of a set of data packets (e.g., a multimedia

stream) to multiple receivers.

[0059] A multicast environment is an example of one type of environment

that includes the transmission of media streams. Such an environment may utilize

Internet Protocol multicasting (i.e., IP multicasting). Those of ordinary skill in the

art are familiar with multicast and its use in a multicast environment.

[0060] In many IP multicast scenarios, there is a limited bit-rate available to

the client device (i.e., a receiver). The bit-rate used by the client device typically

depends on which IP multicasts the client is currently listening to among all

available IP multicasts.
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[0061] Because the total number of ongoing IP multicasts is not limited by

the available bit-rate to any particular client, the exemplary stream splicer is

particularly applicable to such a scenario.

[0062] The normal sequence of events to change channels in a digital media

multicast (or broadcast) environment typically includes the following actions of

the receiver:

• Tunes to the multicast (or broadcast) media stream.

• Waits for reception of an access point into the stream. This is

sometimes called a random access point (RAP).

• Decodes the RAP.

• Waits for presentation time of random access point to arrive (e.g.,

waiting for input buffer to be full enough)

• Begins presenting frames in steady-state starting at the RAP

[0063] This RAP is often a key-frame (e.g., I-frame in the MPEG

vernacular). Since the user-perceived channel change typically cannot occur until a

RAP of a multicast stream is received and decoded, the channel change times may

be relatively lengthy. This delay is illustrated as the start-up delay 280 in Fig. 2.

Typical Unicast Network Communication Architecture

[0064] In a unicast (i.e., point-to-point) network communication

architecture, a computing device (e.g., a video data server) sends a media stream

with a RAP almost immediately upon receiving a request from a receiver.

Therefore, the wait for a RAP of a unicast stream is substantially less than the wait
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for a RAP of a multicast stream. The receiver experiences little or no start-up

delay with unicast.

[0065] However, a unicast network communication architecture typically

consumes significantly more bandwidth and computing resources than a similarly

configured multicast architecture. That is because the server is sending multiple

copies of the same media stream to multiple recipients.

Operation of the Exemplary Media Stream Splicer

[0066] The exemplary stream splicer solves the problems of both

approaches addressed above by switching from multicast to unicast when a

receiver requests a new media stream and then switching back to multicast when it

is ready.

[0067] As shown in Fig. 3, the exemplary stream splicer employs a target

multicast media stream transmission 300t and a target unicast acquisition media

stream (herein, the "unicast acquisition stream") transmission 302t to achieve a

fast channel change time.

[0068] This unicast acquisition stream contains the same or nearly the same

multimedia content as that of the target multicast stream. Furthermore, the content

of the unicast acquisition stream is temporarily synchronized (or nearly so) with

the target multicast stream. The unicast acquisition stream (such as 302t) typically

begins with a RAP that is prior to or co-located with the current transmission point

of the target multicast stream.
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[0069] The frames to the left of I*! of the target multicast transmission 300t

are shown with light-grayed tones and represent portions of the multicast

transmission that are never received by the exemplary stream splicer in the

example illustration shown in Fig. 3. The frames to the right of B! of the target

multicast transmission 300t are shown with full black tones and represent portions

of the target multicast transmission that were received by the exemplary stream

splicer after a channel change has occurred.

[0070] Fig. 3 also illustrates how this operation reduces the apparent video-

stream presentation start-up delay—which is the effective delay experienced by

the user. This start-up delay is the delay between the time a particular video stream

is requested and the actual presentation of the first frame of a GOP.

[0071] Referring to Fig. 3, this example is explained. A GOP starting with

I -frame 310t is transmitted in the target multicast stream 300t. However, the

receiver wishes to tune into this media stream at request point R. This point

represents when a channel change condition arises. This condition is typically in

response to a user request (e.g., via a remote control 360).

[0072] Typically, the channel change condition occurs when either

attempting to tune into any of the available channels for the first time or when

actually attempting to change from one channel (which is currently being

received) to another one. Either situation may be called "changing channels" (or

the like) herein.

[0073] As illustrated in Fig. 3, this selection is illustrated as a user selecting

a media-stream channel using a remote control 360. However, in a multicast
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environment, when this stream 300t is requested the receiver is not yet tuned in

and the stream may not actually be transmitted to the receiver until some point

after R.

[0074] Again, this is an example illustration for explanatory purpose. This

point R could be at any moment in time within a GOP after its beginning (i.e.,

after the beginning of its I -frame 3 lOt).

[0075] A conventional receiver typically waits for a RAP in order to access

the multicast media stream. (In this example, each GOP is assumed to have one

RAP.) An I -frame is an example of a typical RAP. So, a conventional receiver

typically waits for the next I -frame (at the beginning of the next GOP

transmission) before it can access the new multicast media-stream transmission

and present the media.

[0076] With conventional approaches, the user would start seeing the media

presentation (as shown in presentation timeline 300p) upon the presentation of the

first I-frame 350p at point B2 . Therefore, the conventional presentation start-up

delay (D) would be the difference between the request point (R) and point B2 .

Written as an equation, that is

D = B2 -R [1]

Conventional Presentation Start-up Delay
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[0077] When it changes channels, the exemplary stream splicer also

requests the unicast acquisition stream. This stream corresponds to the target

multicast media stream transmission. This stream also begins with a RAP that is

prior to or co-located with the current point of the target multicast media stream

transmission.

[0078] The channel change request (for eventually joining a multicast media

stream) and the request for its unicast acquisition stream may be two separate

requests made concurrently or nearly so. Alternatively, these two requests may be

combined into a single request. Furthermore, the request for the unicast

acquisition stream may be presumed by a request for the new multicast stream.

Furthermore, the request for the multicast media stream may occur significantly

after the request for the unicast acquisition stream.

[0079] Very quickly after making the request for a unicast acquisition

stream, the exemplary stream splicer receives unicast acquisition stream

transmission 302t. So, instead of waiting to receive the next RAP in the target

multicast transmission 300t, as do conventional receivers, the exemplary stream

splicer receives, decodes, and presents the unicast acquisition stream transmission

302t that corresponds to the target multicast stream.

[0080] It starts receiving this unicast transmission at point U. The RAP of

unicast acquisition stream transmission 302t is I-frame 312t. Therefore, it

decodes and presents the unicast acquisition stream presentation timeline 302p

with presentation I-frame 312p at point S\ That presentation is represented by

presentation timeline 302p.
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[0081] The exemplary stream splicer continues to receive, decode, and

present the unicast acquisition stream transmission 302t until it receives

"triggering" data of the target multicast stream. The "triggering" data may be the

first data of the target multicast stream received. Alternatively, it may be when the

first RAP of the target multicast stream is received. Alternatively, it may be a

message sent to the splicer. This typically depends upon the characteristics of the

unicast acquisition stream and/or its frames.

[0082] For the purposes of the illustration shown in Fig. 3, the "triggering"

data is the first data of the target multicast stream received by the exemplary

stream splicer.

The Splicing Point

[0083] The switch-over from the unicast acquisition stream transmission

302t to the target multicast stream 300t occurs at the "splicing point," on or around

points A and Bj in Fig. 3.

[0084] The exemplary stream splicer seamlessly switches from decoding

unicast acquisition stream data to decoding multicast at the transition ("splicing")

point. This transition may occur at or shortly after the point that the target

multicast stream is received.

[0085] As shown in Fig. 3, the exemplary stream splicer starts receiving the

target multicast transmission 300t starting with data from packet 336t. This occurs

at point Bi in the target multicast transmission 300t in Fig. 3. Point A on the
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timeline represents the end of the reception of the last packet of the unicast

acquisition stream transmission 302t.

[0086] An exaggerated and visible gap between these points is shown in

Fig. 3 to illustrate that there is a clear opportunity for the exemplary stream splicer

to join the target multicast stream. In reality, points A and Bi may occur very

nearly concurrently and may indeed be concurrent. It is possible in some

embodiments to have a small overlap so that point A occurs shortly after point

[0087] Since the frame properties (e.g., resolution and image quality) and

the frame sequencing of the unicast acquisition stream directly correspond and

match those of the target multicast, this unicast-to-multicast switch (represented by

points A and B x ) may occur at any point in the target multicast stream. There is no

need to wait for a RAP in the target multicast stream to perform the switch. Also,

there is no need for the splice to occur on a frame boundary; it may occur at any

packet boundary.

Reduced Start-up Delay

[0088] To accomplish the switch-over, it may be desirable for the target

multicast stream be tagged for splicing. Alternatively, the RAP locations within

the target multicast stream may be conveyed to the multicast router via some other

mechanism.

[0089] As illustrated in Fig. 4, the exemplary stream splicer starts

presenting target multicast presentation 400p beginning with frame 450p at point

C,. This starts immediately or very shortly after the presentation of the last frame
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(e.g., frame 422p) of the unicast acquisition stream presentation 402p. This

presentation switch-over point is designated in Fig. 4 at point C.

[0090] As demonstrated by the screens 462 and 466, the start-up delay is the

effective delay experienced by a user. The user selects a media-stream channel at

request point R (using, for example, a remote 460) and sees a blank screen, as

shown by screen 462. Of course, there may be information presented here (such

as electronic programming information), but, since it is not yet the desired media-

stream content, it is effectively blank.

[0091] At point S\ screen 466 shows that the first image of frame 412p is

presented to the user with the presentation I -frame 412p of the unicast acquisition

stream.

[0092] With the exemplary stream splicer (whose operational effect is

shown in Fig. 4), the user first experiences the presentation of the media content

upon the presentation of the first I -frame 412p at point S\ Therefore, the new

presentation start-up delay (D 5

) is the difference between the request point (R) and

presentation of the alternative stream at point S'. Expressed as an equation, that is

D' = S'-R [2]

New Presentation Start-up Delay
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[0093] The time-savings effected by the exemplary stream splicer is the

difference between the D' and D. Using equations 1 and 2, that time-savings may

be expressed as this equation:

D-D' = B2 -S> [3]

Time-savings

[0094] With the exemplary stream splicer, the user experience is improved

because the new start-up delay (D') is less than the conventional start-up delay (D)

(i.e., D' < D). The exemplary stream splicer improves the user's experience by

decreasing the effective start-up delay as compared to the delay experienced using

conventional approaches.

Operation of the Exemplary Media Stream Splicer with Lower Bit-Rate

Unicast Acquisition Stream

[0095] There are some instances where little or no spare bandwidth is

available for a unicast acquisition stream with frame properties (e.g., resolution

and image quality) that match the target multicast. In those instances, the

exemplary stream splicer may employ a lower bit-rate than the target multicast

stream does.
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[0096] The unicast acquisition stream may be low bit-rate so that its

transmission consumes less bandwidth than otherwise. Herein, the concept of "low

bit-rate" is in terms of number of bits per picture (i.e., frame). The stream may be

a normal bit-rate in terms of the number of bits sent per second.

[0097] To achieve fast channel changing without lower-bit-rate streams, the

exemplary stream splicer would require momentarily higher-than-normal bit-rate

as a receiver changes to another channel. However, some network connections are

not able to provide this higher-than-normal bit-rate.

[0098] A sequence of frames has an inherent bit-rate. This bit-rate can be

calculated by looking at the schedule of the sequence of frames, including their

sizes. This inherent bit-rate is not necessarily the same bit-rate at which the

sequence of frames is sent. A sequence of frames can have a lower-than-normal

inherent bit-rate but be sent at a normal bit-rate.

[0099] So, in order to achieve fast channel change in an environment where

it is not desirable to exceed the normal bit-rate, the exemplary stream splicer

sacrifices initial media quality during the unicast acquisition stream.

There are two implementations that use a lower-bit rate unicast acquisition

stream. For one of them, the server sends the exemplary stream splicer a single

unicast acquisition stream having a low-inherent-bit-rate (which may be

represented by 402t of Fig. 4). For another, the server first sends the exemplary

stream splicer a unicast acquisition stream having a low-inherent-bit-rate (which

may be represented by 502t of Fig. 5) followed thereafter with an intermediate
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unicast stream having a normal-inherent-bit-rate rate (which may be represented

by 504t).

The reception of the low bit-rate unicast acquisition stream may occur at a

normal bit-rate. The exemplary stream splicer decodes and presents the unicast

acquisition stream.

[00100] Since the unicast acquisition stream contains low-inherent-bit-rate

frames, it waits until the next received RAP of the target multicast stream (or of

the unicast intermediate stream) for the switch to occur. This splice may happen at

the packet level, rather than at the frame level.

[00101] This approach has the added advantage that instead of requiring a

target-stream-GOP worth of extra buffering, the receiver would only need a

channel-acquisition-stream (i.e., unicast acquisition stream) GOP worth of extra

buffering; therefore, if a GOP in the channel acquisition stream is made to be

fairly short, the amount of extra buffering required to achieve fast channel change

is reduced.

Splice from Low Bit-Rate Unicast Acquisition Stream to Multicast Stream

[00102] As shown in Fig. 4, this implementation employs a single unicast

acquisition stream 402t having a low-inherent-bit-rate that transitions on the

transmission timeline to the target multicast stream 400t at or before the boundary

of a RAP 450t. The presentation timeline splice occurs exactly at frame 450t.

Any packets received from the multicast before frame 450t are discarded.
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[00103] As shown in Fig. 4, the exemplary stream splicer begins receiving

target multicast transmission 400t starting with data from packet 436t. This occurs

at point !$! in the target multicast transmission 400t. However, the exemplary

stream splicer does not immediately switch over to presentation of the target

multicast stream.

[00104] The reception splicing point occurs at and around points A and B x as

illustrated in Fig. 4. Point A on the timeline represents the end of the reception of

the last frame of the unicast acquisition stream transmission 402t. As shown in

Fig. 4, the exemplary stream splicer starts receiving the first RAP (e.g., I-frame

450t) of the target multicast transmission 400t. This occurs at point B3 in the

target multicast transmission 400t.

[00105] Like in Fig. 3, an exaggerated and visible gap between these points

is shown in Fig. 4 to illustrate that there is a clear opportunity for the exemplary

stream splicer to join the target multicast stream. In reality, points A and B3 may

occur very nearly concurrently and may indeed be concurrent. It is possible in

some embodiments to have a small overlap so that point A occurs shortly after

point B3 .

[00106] The frame properties (e.g., resolution and image quality) of the

unicast acquisition stream differ from that of the target multicast. As a result, the

presentation splice into the multicast must occur at a RAP.

[00107] At point C of Fig. 4, the exemplary stream splicer starts presenting

target multicast presentation 400p beginning with the frame 450p, which is a RAP.
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This starts immediately, or very nearly after the presentation of the last frame (e.g.,

frame 422p) of the unicast acquisition stream presentation 402p.

[00108] As demonstrated by the screens 462 and 466, the start-up delay is

short. The user selects a media-stream channel at request point R and sees a blank

screen, as shown by screen 462. Not long after that, the user sees moving

multimedia presentation, as represented by screen 466.

[00109] This approach has the added advantage that instead of requiring a

target-stream-GOP worth of extra buffering at the target stream rate, the receiver

would only need a channel-acquisition-stream (i.e., unicast acquisition stream)

GOP worth of extra buffering at the main stream rate; therefore, a GOP in the

channel acquisition stream can be fairly short.

Splice using a Normal Bit-Rate Unicast Intermediate Stream

[00110] As shown in Fig. 5, this implementation employs two unicast

streams. One is at low-bit rate and the other is at a normal bit-rate. The reason for

using this implementation (rather than the one with just one low-bit rate unicast

stream) is to separate the frame-level splice from the packet level splice. The

unicast stream sender effects the frame-level unicast-to-unicast splice, and the

exemplary media stream splicer effects the packet-level unicast-to-multicast

splice.

[00111] Rather than changing both bit-rate (low to normal) and

communication type (unicast to multicast) at one splice point, they are spread over
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two splice points. One splice point Pi is for transitioning from low to normal bit-

rate. The next point P2 is for transitioning from unicast to multicast.

[00112] The first is a unicast acquisition stream 502t having a low-inherent-

bit-rate. The other is a unicast intermediate stream 504t having a normal-inherent-

bit-rate. The exemplary stream splicer first transitions from the low bit-rate

acquisition stream 502t to the normal bit-rate intermediate stream 504t at a point

in time that is at or around the beginning ofRAP 550t in the ongoing multicast.

[00113] Once the exemplary stream splicer starts receiving the target

multicast stream 500t, it transitions from the intermediate stream 504t to the target

multicast stream. This transition need not happen at a RAP boundary.

[00114] The first transmission splicing point for the transition from the low

bit-rate acquisition stream 502t to the normal bit-rate intermediate stream 504t is

at point Pi.

[00115] The frame properties (e.g., resolution and image quality) of the

unicast acquisition stream 502t differ from that of the intermediate unicast stream

504t. This transition at point Pj occurs at a RAP (e.g., I-frame 554t) of the

intermediate unicast stream 504t. The transmission and reception transition occurs

at or before the beginning of this RAP. The presentation transition occurs at this

RAP.

[00116] Although it is not shown here at point Pi, there may be a small gap

or overlap between the reception of the last data of the unicast acquisition stream

502t and the first data of the unicast intermediate stream 504t.
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[00117] Notice that the unicast intermediate stream 504t is approximately

synchronized with the target multicast stream 500t. Doing this aids in quick and

seamless splice from the intermediate to the target stream.

[00118] The exemplary stream splicer will continue to receive the normal

bit-rate intermediate unicast stream 504t until it is ready to receive the target

multicast stream 500t. Since both are normal bit-rate and the splicer cannot

maintain reception of both for long, this transition should take place soon after the

splicer starts to receive the multicast stream.

[00119] This next splicing point for the transition from reception of the

normal bit-rate intermediate stream 504t to reception of the target multicast stream

500t is at or around point P2 .

[00120] The frame properties (e.g., resolution and image quality) of the

unicast intermediate stream 504t match those of the target multicast stream 500t.

Therefore, this transition at point P2 need not occur on a RAP boundary. This

transition may occur at the packet level.

[00121] Although it is not shown here at point P2 , there may be a small gap

or overlap between the reception of the last packet of the unicast intermediate

stream 504t and the first packet of the target stream 500t.

[00122] As demonstrated by the screens 562 and 566, the start-up delay is

short. The user selects a media-stream channel at request point R and sees a blank

screen, as shown by screen 562. Not long after that, the user sees moving

multimedia presentation, as represented by screen 566.
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Methodological Implementations of the Exemplary Media Stream Splicer

[00123] Fig. 6 shows a methodological implementation of the exemplary

stream splicer. The implementation is performed to effect a smooth and quick

channel change. These methodological implementations may be performed in

software, hardware, or a combination thereof.

[00124] At 610 of Fig. 6, the exemplary stream splicer receives a request to

tune to a target multicast media stream. In other words, another channel is to be

tuned in. This may be at the request of the user.

[00125] At 612, the exemplary stream splicer requests a unicast acquisition

stream.

[00126] At 614, the exemplary stream splicer receives the unicast acquisition

stream.

[00127] At 616, the exemplary stream splicer decodes and presents the

unicast acquisition stream, starting at the RAP at the beginning of the unicast

acquisition stream.

[00128] At 618, it receives multicast stream. It continues with actions of

block 616 until it is at the "splicing point.". At that point, the exemplary stream

splicer proceeds to block 620.

[00129] Where the spicing point is may depend upon the properties (such as

bit-rate) of the unicast acquisition stream compared to those of the target multicast

stream. For example, the unicast acquisition stream may have the same frame
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properties (such as bit-rate) of those of the target multicast stream. If so, then the

exemplary stream splicer may splice into the target multicast stream as soon as it

receives data of the multicast stream and may do so at the packet level.

[00130] Alternatively, it may wait to splice until it receives some amount or

some type of data in the target multicast stream. For example, if the frame

properties (such as bit-rate) of the unicast acquisition stream differ from those of

the target multicast stream, then the exemplary stream splicer may wait until it

receives the first RAP of the multicast stream before splicing.

[00131] At 620 of Fig. 6, the exemplary stream splicer informs the media

server (which is sending the media streams) to stop sending the unicast acquisition

stream.

[00132] At 622, the exemplary stream splicer seamlessly switches from

decoding unicast acquisition stream data to decoding multicast data.

[00133] At 624, the target multicast stream is decoded and presented.

[00134] As a result of the above, the receiver will end up in a steady-state,

presenting frames somewhat late compared to the normal multicast presentation

position, and so the receiver will require enough extra memory to hold the

additional compressed media data relative to a normal multicast-only or broadcast-

only receiver.

[00135] Alternatively, there may be two splicing points for the

implementation utilizing a low bit-rate acquisition stream and an intermediate

stream (as discussed above and shown in Fig. 5).
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Another Methodological Implementation Facilitating the Exemplary Media

Stream Splicer

[00136] Fig. 7 shows a methodological implementation facilitating the

exemplary stream splicer. The implementation is performed to effect a smooth and

quick channel change. These methodological implementations may be performed

in software, hardware, or a combination thereof.

[00137] At 710 of Fig. 7, a server computing device receives a request to

tune to a target multicast media stream. In other words, a channel change request

is made by the receiver. Accompanying this request is a request for a unicast

acquisition stream. Alternatively, the unicast-acquisition-stream request may be

incorporated into the channel-change request. Alternatively still, the unicast-

acquisition-stream request may be simply inferred by the channel-change request.

[00138] At 712, the server sends the unicast acquisition stream to the

requesting receiver.

[00139] At 714, the requesting receiver is joined to the ongoing multicast

stream.

[00140] Furthermore, the unicast acquisition stream may have the same

frame properties (such as bit-rate) of those of the target multicast stream.

Alternatively, the frame properties (such as bit-rate) of the unicast acquisition

stream may differ from those of the target multicast stream. Alternatively still, the

server may have access to both types of unicast acquisition streams and then send
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the type which is appropriate given the limitations of the communications

network.

[00141] At 716 of Fig. 7, the server receives from the exemplary stream

splicer an indication that it should stop sending the unicast acquisition stream.

Exemplary Environment

[00142] Fig. 8 illustrates an exemplary environment 800 in which the

techniques, systems, and other aspects described herein may be implemented

(partially or wholly). Exemplary environment 800 is a television entertainment

system that facilitates distribution of multimedia.

[00143] The environment 800 includes one or more multimedia content

providers 802, a content distribution system 806, and one or more presentation

devices 808(1), 808(2), 808(N) coupled to the content distribution system 806

via a multicast- & unicast- capable network 810.

[00144] Multimedia content provider 802 includes a content server 812 and

stored content 814, such as movies, television programs, commercials, music, and

similar audio and/or video content. Content server 812 controls distribution of the

stored content 814 from content provider 802 to the content distribution system

806. Additionally, content server 802 controls distribution of live content (e.g.,

content that was not previously stored, such as live feeds) and/or content stored at

other locations to the content distribution system 806.
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[00145] Content distribution system 806 may be coupled to a network 820,

such as an intranet or the Internet. The content distribution system 806 includes a

unicast transmitter 826, a multicast transmitter 828, and one or more content

processors 830. Unicast transmitter 826 multicasts signals across the multicast- &

unicast- capable network 810. Multicast transmitter 828 multicasts signals across

the multicast- & unicast- capable network 810.

[00146] Content distribution system 806 is representative of a headend

service that provides multimedia content to multiple subscribers.

[00147] Multicast- & unicast- capable network 810 can include a cable

television network, RF, microwave, satellite, and/or data network, such as the

Internet, and may also include wired or wireless media using any multicast format

or multicast protocol. Additionally, multicast- & unicast- capable network 810

may be any type of network, using any type of network topology and any network

communication protocol, and may be represented or otherwise implemented as a

combination oftwo or more networks.

[00148] Content processor 830 processes the content received from content

provider 802 prior to transmitting the content across multicast- & unicast- capable

network 808. A particular content processor 830 may encode, or otherwise

process, the received content into a format that is understood by the multiple

presentation devices 808(1), 808(2), and 808(N) coupled to multicast- & unicast-

capable network 810.

[00149] Presentation devices 808 may be implemented in a number of ways.

For example, a presentation device 808(1) receives content from a satellite-based
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transmitter via a satellite dish 834. Presentation device 808(1) is also referred to

as a set-top box or a satellite receiving device. Presentation device 808(1) is

coupled to a television 836(1) for presenting the content received by the

presentation device (e.g., audio data and video data), as well as a graphical user

interface. A particular presentation device 808 may be coupled to any number of

televisions 836 and/or similar devices that may be implemented to display or

otherwise render content. Similarly, any number of presentation devices 808 may

be coupled to a single television 836.

[00150] Presentation device 808(2) is also coupled to receive content from

multicast- & unicast- capable network 810 and provide the received content to

associated television 836(2). Presentation device 808(N) is an example of a

combination television 838 and integrated set-top box 840. In this example, the

various components and functionality of the set-top box are incorporated into the

television, rather than using two separate devices. The set-top box incorporated

into the television may receive signals via a satellite dish or wireless antenna (such

as dish 834) and/or via multicast- & unicast- capable network 810. In alternate

implementations, presentation devices 806 may receive content via the Internet or

any other multicast or unicast medium.

[00151] The exemplary environment 800 also includes live or stored pay-per-

view (PPV) content 750, such as PPV movie content. The stored or live content is

typically multicast on a schedule. When a device joins a PPV multicast channel,

the PPV content may be viewed with a presentation device 808.
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Exemplary Presentation Device

[00152] Fig. 9 illustrates an exemplary implementation 900 of a presentation

device 808 shown as a standalone unit that connects to a television 836.

Presentation device 808 may be implemented in any number of embodiments,

including as a set-top box, a satellite receiver, a TV recorder with a hard disk, a

game console, an information appliance, a DVD player, a personal video recorder,

a personal computer, a home media center, a modem, and so forth.

[00153] Presentation device 808 includes a wireless receiving port 902, such

as an infrared (IR) or Bluetooth wireless port, for receiving wireless

communications from a remote control device 904, a handheld input device 906,

or any other wireless device, such as a wireless keyboard. Handheld input device

906 may be a personal digital assistant (PDA), handheld computer, wireless phone,

or the like. Additionally, a wired keyboard 908 is coupled to communicate with

the presentation device 808. In alternate embodiments, remote control device 904,

handheld device 906, and/or keyboard 908 may use an RF communication link or

other mode of transmission to communicate with presentation device 808.

[00154] Presentation device 808 may have a storage medium reader 909 for

reading content storage media, such as DVD disks. A standalone or non-

standalone presentation device 808 may include the storage medium reader 909.

[00155] Presentation device 808 may receive one or more multicast signals

910 from one or more multicast sources, such as a multicast network. Also, it may

receive one or more unicast signals 910 from one or more unicast sources, such as

a unicast network.
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[00156] Presentation device 808 also includes hardware and/or software for

providing the user with a graphical user interface with which the user can, for

example, access various network services, configure the presentation device 808,

and perform other functions.

[00157] Presentation device 808 may be capable of communicating with

other devices via one or more connections including a conventional telephone link

912, an ISDN link 914, a cable link 916, an Ethernet link 918, a DSL link 920, and

the like. Presentation device 808 may use any one or more of the various

communication links 912-920 at a particular instant to communicate with any

number of other devices. The multicast signals may also be received via the

various communication links 912-920.

[00158] Presentation device 808 generates video signal(s) 920 and audio

signal(s) 922, both of which are communicated to television 836. Alternatively,

video and audio signal(s) may be communicated to other audio/visual equipment,

such as speakers, a video monitor, a home theater system, an audio system, and the

like.

[00159] Although not shown in Fig. 9, presentation device 808 may include

one or more lights or other indicators identifying the current status of the device.

Additionally, the presentation device may include one or more control buttons,

switches, or other selectable controls for controlling operation of the device.

[00160] Fig. 10 illustrates selected components of presentation device 808

shown in Figs. 8 and 9. Presentation device 808 includes a first tuner 1000 and an

optional second tuner 1002. The tuners 1000 and 1002 are representative of one or
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more in-band tuners that tune to various frequencies or channels to receive

television signals, as well as an out-of-band tuner or receiver or network interface

card that tunes to or receives the multicast communications channel over which

other content may be multicast to presentation device 808.

[00161] The tuners 1000 and 1002 may be digital tuners, analog tuners, or

any combination of analog and digital components used to get digital data into the

client device 708.

[00162] Presentation device 808 also includes one or more processors 904

and one or more memory components. Examples of possible memory components

include a random access memory (RAM) 1006, a disk drive 1008, a mass storage

component 1010, and a non-volatile memory 1012 (e.g., ROM, Flash, EPROM,

EEPROM, etc.).

[00163] Alternative implementations of presentation device 808 can include

a range of processing and memory capabilities, and may include more or fewer

types ofmemory components than those illustrated in Fig. 10.

[00164] Processor(s) 1004 process various instructions to control the

operation of presentation device 808 and to communicate with other electronic and

computing devices. The memory components (e.g., RAM 1006, disk drive 1008,

storage media 1010, and non-volatile memory 1012) store various information

and/or data such as multimedia content, electronic program data, web content data,

configuration information for presentation device 808, and/or graphical user

interface information. The device may cache data into any one of these many

memory components.
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[00165] An operating system 1014 and one or more application programs

1016 may be stored in non-volatile memory 1012 and executed on processor 1004

to provide a runtime environment. A runtime environment facilitates extensibility

of presentation device 808 by allowing various interfaces to be defined that, in

turn, allow application programs 1016 to interact with presentation device 808.

[00166] The application programs 1016 that may be implemented on the

presentation device 808 may include an electronic program guide (EPG), an email

program to facilitate electronic mail, and so on.

[00167] Presentation device 808 can also include other components

pertaining to a television entertainment system, which are not illustrated in this

example for simplicity purposes. For instance, presentation device 808 can

include a user interface application and user interface lights, buttons, controls, etc.

to facilitate viewer interaction with the device.

[00168] Serial and/or parallel interface 926 and network interface 1024 allow

presentation device 808 to interact and communicate with other electronic and

computing devices via various communication links. Although not shown,

presentation device 808 may also include other types of data communication

interfaces to communicate with other devices.

[00169] Presentation device 708 may include a modem 1028 or other

communications device that facilitates communication with other electronic and

computing devices via a conventional telephone line or other communications

mediums.
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[00170] The presentation device 808 has the ability to receive multicast

digital data and it may receive it using the tuners 1000 or 1002, the network

interface 1024, the modem 1028, or other communications device. It also has the

ability to receive unicast digital data and it may receive it using the tuners 1000 or

1002, the network interface 1024, the modem 1028, or other communications

device.

[00171] Presentation device 808 also includes an audio/video output 1030

that provides signals to a television or other device that processes and/or presents

or otherwise renders the audio and video data. This output may be called the

display.

[00172] Presentation device 808 also includes a fast start-up module 1040

that partially or wholly implements the exemplary stream splicer. It may be an

application program or a hardware component.

[00173] Although shown separately, some of the components of presentation

device 808 may be implemented in an application specific integrated circuit

(ASIC). Additionally, a system bus (not shown) typically connects the various

components within presentation device 808.

[00174] A system bus may be implemented as one or more of any of several

types of bus structures, including a memory bus or memory controller, a peripheral

bus, an accelerated graphics port, or a local bus using any of a variety of bus

architectures. By way of example, such architectures can include a CardBus,

Personal Computer Memory Card International Association (PCMCIA),

Accelerated Graphics Port (AGP), Small Computer System Interface (SCSI),
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Universal Serial Bus (USB), IEEE 1394, a Video Electronics Standards

Association (VESA) local bus, and a Peripheral Component Interconnects (PCI)

bus also known as a Mezzanine bus.

Exemplary Computing System and Environment

[00175] Fig. 11 illustrates another example of a suitable computing

environment 1100 within which an exemplary stream splicer, as described herein,

may be implemented (either fully or partially). The computing environment 1100

may be utilized in the computer and network architectures described herein.

[00176] The exemplary computing environment 1100 is only one example of

a computing environment and is not intended to suggest any limitation as to the

scope of use or functionality of the computer and network architectures. Neither

should the computing environment 1100 be interpreted as having any dependency

or requirement relating to any one or combination of components illustrated in the

exemplary computing environment 1100.

[00177] The exemplary stream splicer may be implemented with numerous

other general purpose or special purpose computing system environments or

configurations. Examples of well known computing systems, environments,

and/or configurations that may be suitable for use include, but are not limited to,

personal computers, server computers, thin clients, thick clients, hand-held or

laptop devices, multiprocessor systems, microprocessor-based systems, set top

boxes, programmable consumer electronics, network PCs, minicomputers,
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mainframe computers, distributed computing environments that include any of the

above systems or devices, and the like.

[00178] The exemplary stream splicer may be described in the general

context of processor-executable instructions, such as program modules, being

executed by a processor. Generally, program modules include routines, programs,

objects, components, data structures, etc. that perform particular tasks or

implement particular abstract data types. The exemplary stream splicer may also

be practiced in distributed computing environments where tasks are performed by

remote processing devices that are linked through a communications network. In

a distributed computing environment, program modules may be located in both

local and remote computer storage media including memory storage devices.

[001791 The computing environment 1100 includes a general-purpose

computing device in the form of a computer 1102. The components of computer

1102 may include, but are not limited to, one or more processors or processing

units 1104, a system memory 1106, and a system bus 1108 that couples various

system components, including the processor 1104, to the system memory 1106.

[00180] The system bus 1108 represents one or more of any of several types

of bus structures, including a memory bus or memory controller, a peripheral bus,

an accelerated graphics port, and a processor or local bus using any of a variety of

bus architectures. . By way of example, such architectures can include a

CardBus, Personal Computer Memory Card International Association (PCMCIA),

Accelerated Graphics Port (AGP), Small Computer System Interface (SCSI),

Universal Serial Bus (USB), IEEE 1394, a Video Electronics Standards
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Association (VESA) local bus, and a Peripheral Component Interconnects (PCI)

bus also known as a Mezzanine bus.

[00181] Computer 1102 typically includes a variety of processor-readable

media. Such media may be any available media that is accessible by computer

1102 and includes both volatile and non-volatile media, removable and non-

removable media.

[00182] The system memory 1106 includes processor-readable media in the

form of volatile memory, such as random access memory (RAM) 1110, and/or

non-volatile memory, such as read only memory (ROM) 1112. A basic

input/output system (BIOS) 1114, containing the basic routines that help to

transfer information between elements within computer 1102, such as during start-

up, is stored in ROM 1112. RAM 1110 typically contains data and/or program

modules that are immediately accessible to and/or presently operated by the

processing unit 1104.

[00183] Computer 1102 may also include other removable/non-removable,

volatile/non-volatile computer storage media. By way of example, Fig. 11

illustrates a hard disk drive 1116 for reading from and writing to a non-removable,

non-volatile magnetic media (not shown), a magnetic disk drive 1118 for reading

from and writing to a removable, non-volatile magnetic disk 1120 (e.g., a "floppy

disk"), and an optical disk drive 1122 for reading from and/or writing to a

removable, non-volatile optical disk 1124 such as a CD-ROM, DVD-ROM, or

other optical media. The hard disk drive 1116, magnetic disk drive 1118, and

optical disk drive 1122 are each connected to the system bus 1108 by one or more
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data media interfaces 1126. Alternatively, the hard disk drive 1116, magnetic disk

drive 1118, and optical disk drive 1122 may be connected to the system bus 1108

by one or more interfaces (not shown).

[00184] The disk drives and their associated processor-readable media

provide non-volatile storage of processor-readable instructions, data structures,

program modules, and other data for computer 1102. Although the example

illustrates a hard disk 1116, a removable magnetic disk 1120, and a removable

optical disk 1124, it is to be appreciated that other types of processor-readable

media, which may store data that is accessible by a computer, such as magnetic

cassettes or other magnetic storage devices, flash memory cards, CD-ROM, digital

versatile disks (DVD) or other optical storage, random access memories (RAM),

read only memories (ROM), electrically erasable programmable read-only

memory (EEPROM), and the like, may also be utilized to implement the

exemplary computing system and environment.

[00185] Any number of program modules may be stored on the hard disk

1116, magnetic disk 1120, optical disk 1124, ROM 1112, and/or RAM 1110,

including by way of example, an operating system 1126, one or more application

programs 1128, other program modules 1 130, and program data 1 132.

[00186] A user may enter commands and information into computer 1 102 via

input devices such as a keyboard 1134 and a pointing device 1136 (e.g., a

"mouse"). Other input devices 1138 (not shown specifically) may include a

microphone, joystick, game pad, satellite dish, serial port, scanner, and/or the like.

These and other input devices are connected to the processing unit 1104 via
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input/output interfaces 1140 that are coupled to the system bus 1108, but may be

connected by other interface and bus structures, such as a parallel port, game port,

or a universal serial bus (USB).

[00187] A monitor 1142 or other type of display device, such as a video

adapter 1044, may also be connected to the system bus 1108 via an interface. In

addition to the monitor 1142, other output peripheral devices may include

components, such as speakers (not shown) and a printer 1146, which may be

connected to computer 1102 via the input/output interfaces 1140.

[00188] Computer 1102 may operate in a networked environment using

logical connections to one or more remote computers, such as a remote computing

device 1148. By way of example, the remote computing device 1148 may be a

personal computer, portable computer, a server, a router, a network computer, a

peer device or other common network node, and the like. The remote computing

device 1148 is illustrated as a portable computer that may include many or all of

the elements and features described herein, relative to computer 1102.

[00189] Logical connections between computer 1102 and the remote

computer 1148 are depicted as a local area network (LAN) 1150 and a general

wide area network (WAN) 1152. Such networking environments are

commonplace in offices, enterprise-wide computer networks, intranets, and the

Internet.

[00190] When implemented in a LAN networking environment, the

computer 1102 is connected to a local network 1150 via a network interface or

adapter 1154. When implemented in a WAN networking environment, the
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computer 1102 typically includes a modem 1156 or other means for establishing

communications over the wide network 1152. The modem 1156, which may be

internal or external to computer 1102, may be connected to the system bus 1108

via the input/output interfaces 1140 or other appropriate mechanisms. It is to be

appreciated that the illustrated network connections are exemplary and that other

means of establishing communication link(s) between the computers 1102 and

1 148 may be employed.

[00191] In a networked environment, such as that illustrated with computing

environment 1100, program modules depicted relative to the computer 1102, or

portions thereof, may be stored in a remote memory storage device. By way of

example, remote application programs 1158 reside on a memory device of remote

computer 1148. For purposes of illustration, application programs and other

executable program components, such as the operating system, are illustrated

herein as discrete blocks, although it is recognized that such programs and

components reside at various times in different storage components of the

computing device 1 102, and are executed by the data processor(s) of the computer.

Processor-executable Instructions

[00192] An implementation of an exemplary stream splicer may be described

in the general context of processor-executable instructions, such as program

modules, executed by one or more computers or other devices. Generally,

program modules include routines, programs, objects, components, data structures,

etc. that perform particular tasks or implement particular abstract data types.
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Typically, the functionality of the program modules may be combined or

distributed as desired in various embodiments.

Processor-readable Media

[00193] An implementation of an exemplary stream splicer may be stored on

or transmitted across some form of processor-readable media. Processor-readable

media may be any available media that may be accessed by a computer. By way

of example, and not limitation, processor-readable media may comprise "computer

storage media" and "communications media."

[00194] "Computer storage media" include volatile and non-volatile,

removable and non-removable media implemented in any method or technology

for storage of information such as processor-readable instructions, data structures,

program modules, or other data. Computer storage media includes, but is not

limited to, RAM, ROM, EEPROM, flash memory or other memory technology,

CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic

cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,

or any other medium which may be used to store the desired information and

which may be accessed by a computer.

[00195] "Communication media" typically embodies processor-readable

instructions, data structures, program modules, or other data in a modulated data

signal, such as carrier wave or other transport mechanism. Communication media

also includes any information delivery media.
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[00196] The term "modulated data signal" means a signal that has one or

more of its characteristics set or changed in such a manner as to encode

information in the signal. By way of example and not limitation, communication

media includes wired media such as a wired network or direct-wired connection,

and wireless media such as acoustic, RF, infrared, and other wireless media.

Combinations of any of the above are also included within the scope of processor-

readable media.

Conclusion

[00197] Although the invention has been described in language specific to

structural features and/or methodological steps, it is to be understood that the

invention defined in the appended claims is not necessarily limited to the specific

features or steps described. Rather, the specific features and steps are disclosed as

preferred forms of implementing the claimed invention.
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